Cytological study of the scrotal sac exudate in typhus guineapigs (Paper II of this series) suggested very strongly that Rickettsia prowazeki infects only mesothelial and endothelial cells. The study also brought out the fact that, in vivo, mesothelium appears to be a much more favorable medium for the growth of the organism than endothelium. Conclusive evidence was obtained that the organism does not multiply in phagocytic mononuclear cells (macrophages) and strong evidence against its multiplication in fibroblasts or epithelial cells. It therefore seemed worth while to restudy the problem of the propagation of typhus Rickettsiae in tissue cultures from the cytological point of view, using the technic already described (Paper II of this series) for the demonstration of the intracellular organism in sections.
Wolbach and Schlesinger (1) in 1923 set out tissue cultures, using infected brain tissue as explant material. They succeeded in maintaining virulence in their cultures for a maximum period of 28 days and they found Rickettsiae in sections of the culture as late as the 24th day. They probably obtained a pure culture of endothelium, since the neuroglia cells of the brain fragments did not multiply. They found Rickettsiae in their cultures only in relatively small numbers, which is not surprising in view of the scanty infection of their original tissue.
The scrotal sac exudate offers a much more favorable material from the point of view of the number of Rickettsiae originally present. 3o7
Fragments of this exudate which are barely visible to the naked eye are infectious, in the great majority of instances, after thorough washing in saline. Zinsser and Batchelder (2) in 1930 set out cultures from this exudate and maintained virulence in their cultures for a period of 10 days. In 1929 and 1930 a large number of cultures were set out in this laboratory and we found that in spite of continued fairly good growth of cells, the cultures became non-virulent on or before the 16th day and usually before the 10th day. The cytological studies mentioned above suggested that this might be due to the fact that the mesothelial cells were outgrown by or transformed into fibroblasts. Maximow and others believe that the latter event invariably occurs.
Nigg and Landsteiner (3) recently reported that they were able, b y using a modified Maitland medium, to maintain virulence in vitro for a period of 10 weeks. Their cultures were transferred every 8 days to fresh medium containing minced normal tunica.
The present tissue culture experiments are still in progress. The object of this preliminary report is to describe the appearance and location of the organisms in tissue cultures, and to depict certain interesting morphological changes which they undergo in vitro.
Technic l~xplant
Material.--The membranous exudate is removed from the surface of the testicle and floated in Tyrode's solution. The membrane, which is usually 0.1 to 0.2 ram. in thickness, is cut into fragments about 1 ram. square, by a rocking motion with a sharp curved knife.
Medium.--Blood is removed by heart puncture from a guinea pig and kept fluid during centrifugation by heparin in 1:10,000 dilution. Embryonic extract is prepared by grinding guinea pig embryos of 2 to 4 cm. in a sterile mortar, adding ten times the volume of Tyrode's solution to the pulp and centrifuging at high speed to get rid of the cells.
Cultures.--Several (6 to 8) drops of embryonic extract are placed in the bottom of a petri dish and a fragment of exudate membrane is picked up with a capillary pipette and floated in each drop. I drop of plasma is added to each drop of extract and before clotting each drop is stirred with the sealed end of a glass pipette. After clotting has occurred the petri dish is inverted and sealed by pouring a hot mixture of paraffin and vaseline into the space between the two sections. The cultures are usually incubated at 35-36°C. This temperature was adopted arbitrarily as being high enough to permit good growth of the cells and because it corresponds roughly to the temperature in the scrotal sac of the guinea pig, where Rickettsiae multiply luxuriantly in vivo. Other temperatures are being used in experiments now in progress.
Transplants.--The vaseline-paraffin mixture is easily removed from the petri dishes with a stiff wire. The coagulated plasma drops are shaved off with a sharp scalpel and washed for I0 to 30 minutes in Tyrode's solution. They are then cut into two or four approximately equal fragments by a rocking motion with a curved knife and each fragment is reembedded in a fresh drop of plasma and embryonic extract. The cultures are usually transplanted every 2 to 4 days, depending on the rapidity of the growth and evidence of beginning liquefaction of the plasma.
On each transfer day some of the cultures in each group were injected into a guinea pig, some were transferred and some were fixed and stained by the method previously described (Paper II of this series).
Description of Cultures
During the first 12 to 24 hours a grossly visible greyish white "halo" appears around the fragments of exudate. Microscopically the cells are largely isolated ameboid cells, many of which have numerous cytoplasmic processes so that they resemble ganglion cells from the central nervous system. A variable number of polymorphonuclears also wander out from the exudate at this stage. During the next 48 hours the picture changes markedly. The isolated cells decrease in number and cells of a very different appearance grow out from the surface of the original fragment. These cells first appear as sprouts of six to twelve or more cells joined end to end, but later they form a solid mass about the original fragment. These cells have pale, almost invisible nuclei, and frequently show fine fat droplet vacuolization of their cytoplasm, so that the nucleus appears as an oval, apparently empty, space in the more refractile vacuolated cytoplasm. They resemble epithelium in their manner of growth and never branch and ramify like typical connective tissue cells. They do not phagocytose particles of graphite ink added to the cultures. Rickettsiae grow luxuriantly in these cells and we believe that they are mesothelial cells (See Paper II of this series) although we have not been able to distinguish them with certainty from fibroblasts.
In successive transfers, the ameboid phagocytic cells almost entirely disappear and the probable mesothelial cells appear to be left in pure culture. The growth energy of these cells appears to diminish, however, and they multiply very slowly after the fourth or fifth transfer.
Topography of Rickettsia in Sections of Tissue Cultures
Thus far twenty-eight first generation cultures of scrotal sac exudate (of 3 to 6 days' duration) have been studied histologically.
Rickettsiae were present in large numbers in all. The material for these twenty-eight individual cultures came from six different guinea pigs, two of which were killed on the 1st day of obvious scrotal swelling, one on the 2nd day and three on the 3rd day. Smears of the exudate in three cases showed numerous Rickettsiae, both intracellular and extracellular, in one case moderate numbers of extracellular forms and a rare infected cell, and in one case only a very few extra- in the sections, probably indicates either that the particular culture chosen from the group for microscopic study was sterile or that Rickettsiae were present in such small numbers that they were not found. The negative guinea pig inoculation on Feb. 19 is explainable in a similar manner. cellular t forms after long search. The cultures set out from the exudate in which only a few Rickettsiae were demonstrated by smear happened to be the most heavily infected of all.
First generation cultures (of 3 to 6 days' duration) practically always contained infected cells in every section and often as m a n y as 40 infected cells in a single section. Several groups of cultures have been sectioned in the second and third generations. In the majority of instances, the Rickettsiae disappeared quite rapidly in successive transfers. The example cited in Table I is typical of these results.
t The extracellular forms are undoubtedly spilled from cells in making the smear (see Paper II of this series).
In one group of cultures, however, to which fragments of striated muscle had been added, Rickettsiae were found in very great numbers in the fourth and fifth generations after 16 and 21 days in vitro. The polymorphonuclears had entirely disappeared by this time and the large pale, vacuolated cells (believed to be mesothelial cells) were enormously distended with organisms. In one half of the 21 day culture practically every cell was very heavily infected. Thi~ culture showed the heaviest infection of all, in spite of the fact that the growth of the cells was scanty and had apparently ceased several days before the culture was fixed. In this instance the organisms appeared to have multiplied extensively in the cytoplasm of degenerating cells.
Rickettsiae when found were always within the cells except in one or two instances where cells had been torn by the knife and a few clusters of organisms had been carried for a short distance away from the cell in which they belonged.
Rickettsiae were found in growing cells along the edge of the fragments and in smaller numbers in cells which had grown outward from the fragment in the form of long strands. In the interior of the fragment certain cells survive and grow in the form of a sponge-like network, enclosing small areas of dead tissue. Mitotic figures were nearly as numerous in the central part of the tissue as at the periphery and Rickettsiae-filled cells were often found in the interior.
The Rickettsiae-laden cells usually had a definitely focal distribution. Frequently the infected cells in a given section were confined to an area representing only a small portion of the entire section. In other sections groups of five or six adjacent cells all showed infection. In several instances Rickettsiae were found in large numbers in cells which were undergoing mitotic division.
The cultures contained two definite types of cell (exclusive of the leucocytes). The appearance of these before fixation has been described above. The Rickettsiae were always found in the large nonameboid, non-phagocytic cells which are regarded as of probable mesothelial origin. The ameboid macrophages, which were recognized by their content of hemosiderin or by the fact that they had taken up graphite ink, never contained Rickettsiae. The cells in which the Rickettsiae grow have large pale oval or rounded blue staining nuclei with several nucleoli and very abundant finely vacuolated cytoplasm, the reticulum of which stains pale blue. (The Rickettsiae are stained Tx~mys FEVER. III a deep purplish red.) These cells grow in sheets and strands, and often appear to have well defined cuticular borders (Fig. 8) .
Morphology of the Organisms
The organisms showed a wide range of morphological variation. In some cultures they appeared in the form of diplobacilli, similar to those seen in smears and sections of the scrotal sac exudate. In other cultures they appeared as long threads, ranging up to 20 microns in length. In still other cultures both forms of the organism were present and occasionally both forms were found in the same cell with various transitional stages. The morphology of the organism did not seem to be in any way correlated with the age of the culture or with the rapidity of growth of the ceils but the thread forms were most often found in lightly infected ceils at the growing edge of the cultures.
Many of the threads appeared solid but in the preparations where the fixation and staining appeared most perfect they were composed of long chains of diplobacilli and we believe that they are always formed in this way. In many instances the thread forms appeared to branch but we believe that true branching does not occur.
The variation in size is extraordinary. Minute granular forms on the borderline of visibility (Fig. 5) were often found in the ceils which were distended with organisms, while the larger forms were usually seen in cells which were only lightly infected (Fig. 8) . The smallest forms appear as minute single or paired cocci but the presence of transitional forms suggests that they are probably small plump bacilli. These forms are so minute that it is impossible to determine their exact shape.
The organisms were always stained a uniform deep purple and never appeared as diphtheroids. A few cells in the cultures of longest duration contained irregularly swollen very deeply staining structures similar to involution forms. In a few instances the Rickettsiae appeared to be breaking up and degenerating in the cytoplasm of ceils which appeared to be healthy.
COMM-ENT
The presence of organisms in cells which have grown away from the original fragment indicates that new cells become infected after the culture is set out. The presence of organisms in dividing cells proves that one method of spread of the infection is by hereditary transmission. This mechanism would also explain the focal nature of the infection. These studies do not indicate whether or not the infection spreads directly from cell to cell by contact, via intercellular bridges, or via the plasma clot. In the majority of our cultures the infection appears to spread very slowly. The extremely heavy infection found in the 21 day culture, however, suggests that under certain conditions the infection may spread rapidly and involve all cells present in a large area. Whether immunity to the organism may be inherited is still an unanswered question.
The absence of Rickettsiae from macrophages corroborates the conclusion which we formed from a study of the cytology of the exudate in vivo.
The organism appears much more pleomorphic in tissue cultures than in vivo, and the range of morphological variation (see illustrations), corresponds closely to that described in the louse. Wolbach (3) believed that the thread forms represented the early stages of intracellular multiplication and this concept is somewhat borne out by the fact that these forms were most often seen in lightly infected cells at the growing edge Of the culture. No observations were made in this study which indicate that granules within the large thread forms are extruded and become viable as has been suggested (4).
The improved method of fixation and staining of Rickettsiae seems to afford a valuable method for further study of the behavior of the organisms when brought in contact with cells of known types and the effects of variations in temperature, pH, gas tensions and composition of the medium on the number and morphology of the Rickettsiae found in cultures.
SUMMARY
Typhus Rickettsiae are found in large numbers in sections of tissue cultures of scrotal sac exudate.
Extensive multiplication of the orgamsms occurs, and new cells become infected. Organisms are seen in cells undergoing mitotic division.
The organisms usually become less numerous after the 6th day in vitro, but in one instance organisms were extremely numerous on the 16th and 21st days.
Rickettsiae in tissue cultures retain their intracellular location, even when infection is very heavy. They multiply exclusively in non-phagocytic ceils which are believed to be of mesothelial origin.
Pleomorphism is much more pronounced in tissue cultures than in guinea pig tissues and is entirely comparable to that seen in the louse. BIBLIOGRAPHY 1. Wolbach, S. B., and Schlesinger, M. J., J. Ivied. Research, 1923 , 44, 231. 2. Zinsser, H., and Batchelder, A. P., J. Exp. Med., 1930 , 51,847. 3. Nigg, C., and Landsteiner, K., Proc. Soc. Exp. Biol. and Med., 1930 . Wolbach, S. B., Todd, J. L., and Palfrey, F. W., The etiology and pathology of typhus, Cambridge, Massachusetts, Harvard University Press, 1922.
EXPLANATION OF PLATE 28
All illustrations are camera lucida drawings from paraffin sections of tissue cultures. For technic of fixation and staining, see Paper II of this series. The drawings were all made at a constant magnification of 1250 diameters. 
